It was occasionally found that a significant nitrogen loss in solution under neutral pH value in a sequencing batch reactor with a single-stage oxic process using synthetic wastewater, and then further studies were to verify the phenomenon of nitrogen loss and to investigate the pathway of nitrogen removal. The result showed that good performance of nitrogen removal was obtained in The facts indicated that the essential pathway of nitrogen loss in solution in this study was excess nitrogen accumulation in activated sludge.
INTRODUCTION
In recent years, it is increasingly evident that nitrogen (N) compounds cause the phenomenon of water pollution and water eutrophication. Currently, the most effective approaches to treat NH (Hippen et al. 1997; Kim et al. 2005; Sun & Austin 2007; Yu et al. 2007) . Deficiently, the N loss pathways of those researches were only reasonable hypothesis and conclusions drawn from analysis of experimental data doi: 10.2166/wst.2009.003 were also inadequate. N mass balance provides one way of checking the reliability of the data. Surprisingly this is seldom done, most likely because gathering the data to conduct these balances may necessitate additional sampling and monitoring of the experimental system, beyond that regarded as necessary for addressing a particular research problem. Also, in certain cases it may not be feasible to gather the required data; for example, on a full-scale plant with dynamic influent loading. 
MATERIALS AND METHODS

Experimental device and operational methods
Experiments were tested in a tightly sealed 12 L-SBR (working volume) with two branches. One branch which was equipped with a septum on the mouth was used for instantaneous gaseous N analysis, and the other one was connected with a gaseous collected tank (50 L) for total gaseous N mass determination (schematics diagram shown in Figure 1 ). The 480 min cycles consisted of approximately 240 min aerobic period, followed by 28 min settling, 2 min decanting and 210 min idle periods. Synthetic wastewater (composition detailed below) was fed to reactor during the first 2 min of the aerobic period. For each SBR cycle, 7.8 L supernatant was discharged after the settling period, resulting in a hydraulic retention time (HRT) of 12 h approximately. 10.5 -11 d of the sludge retention time (SRT) was maintained. In this process, anoxic phase did not exist but long-term idle zone (210 min) was operated during two cycles. Pure oxygen was fully pressurized into the systems at a rate of 0.01 Nm 3 h 21 (Nm 3 are based on 08C
and 1,013 mbar). The temperature in the reactor was controlled at 208C. The pH was controlled at 7.0^0.1 during the aerobic period through addition of 0.5 M HCl and 0.5 M NaOH. Activated sludge, obtained from the first municipal wastewater treatment plant of Changsha, PR China, was seeded and cultured according to the way described above, and the initial concentration of sludge in reactor was set around 4,000 mg L 21 .
Synthetic media
Synthetic wastewater was used in this research. Glucose was used as the organic carbon source, and N in the wastewater was simulated with chlorine ammonium. 
N mass balance calculation
Since significant N loss was observed during the aerobic phase of SBR cycles, the N mass balance over system was just discussed during an aerobic period and was given by :
where, N Inf and N Eff the influent and effluent total nitrogen (TN) (mg), N Slud N accumulation in the sludge (mg), N Gas Theoretically, N Gas consists of the gaseous N leaving the system via ammonia volatilization and via denitrification.
Ammonia volatilization will not occur until pH value in system is above 9.5 (pH values were just controlled at 7.0^0.1 in this study) or the wastewater temperature is high, e.g., above 408C (the temperature was controlled at 208C in this study) (Sun & Austin 2007) . So, ammonia volatilization is negligible and NH 3 of gaseous N was not detected in this study. Moreover, it has been proposed that denitrification is essentially a four step process (Barke & Dold 1995) .
Each step may be represented by a half reaction where e 2 denotes electron equivalents (COD) transferred from the organic substrate:
Equations (2) - (6) in off-gas samples and N Gas was calculated by the sum of the three gaseous N in this study.
Analytical methods
Sludge samples from the reactor were immediately filtered through a Whatmann GF/C glass microfiber filter (1.2 mm).
The filtrate was immediately analyzed for NH (Nielsen 1996) .
The N 2 O and N 2 concentrations in the gas samples were determined with gas chromatography (Varian 5300, thermal conductivity detector), under the following conditions: column at 358C, detector at 1108C, injector at 1008C, filament at 1358C and volume samples 50 ml. Helium was employed as carrier gas (Cervantes et al. 2001) . 
RESULTS N loss in solution during long-term operation
Experiments were conducted in a SBR system and lasted for about 400 d. The performance of N removal and the significant N losses during steady-state operation were partly shown in Table 1 Equations (7) - (9) 
Nitrite oxidizing bacteria:
The net reaction is obtained by combining Equations (7) and (8):
Equations (7)- (9) show that about 0.98 g NO Furthermore, just a little N Gas was detected during the aerobic phase. As shown in Table 3 , a little N 2 O was monitored in the off-gas during the first 90 min of the 
N accumulation in activated sludge
To investigate the pathway of N removal in this study, varieties of COD, TSS, and TN in wastewater as well as TN in activated sludge were analyzed during a typical period, which were shown in Figure 3 .
As shown in Figure 3 (Table 3) leaving the system was monitored. Therefore, N Unacc during the typical cycle could be calculated by: This operational process may result in "external substrates feast -external substrates famine -idle starvation" regime in a SBR cycle. In contrast, conventional activated sludge processes which usually consist of 3 -4 h aerobic period, 0.5-1 h settling/decanting period and short idle zone (e.g. 0.5 h), also result in "external substrates feast -external substrates famine" regime which induce some internal storage compounds such as poly-b-hydroxyalkanoates (PHA), glycogen etc. accumulation in "external substrates feast" period (Carucci et al. 2001 ) and oxidization to provide carbon source as well as energy for cell growth and maintenance in "external substrates famine" period and settling/decanting/idle periods (Lu et al. 2007) . Since short idle zone is usually operated in conventional activated sludge processes, enough energy can be generated by easy degradable internal storage (e.g. PHA) and other storage is seldom observed. Nevertheless, 210 min of "idle starvation" period was operated in this study which indicated extra energy might be required for cell maintenance. This operation might induce excess NH 
CONCLUSIONS
The results of this study showed that good performance of N removal (79.05-89.63% of NH 
